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1 ISASK « P»«» 

E pfin>*^« d 1 — «J 6 MM>»* K» ► 



1 

[J**S 13 ria ( i ) gPGa^N^tg)#aa^- K,y_h 

(i) GaN3Wm*»6«!*^MiAi®±1ifS:'<- 

£M (B) ©±®£grfelC'<--;*®fc1-.Sii*ySgb© 10 
(B) ©7&*ilJ?><i&ftyjg3*V SttfCJioTftfiH 

1 (a) ±\z& M&vvhiimBBi (b) t&mzim.. 
f4©#* <p7<> Fg; yjg&ajgfcg v ^©~efcs g a 

N*©#J»#" Fy h«i£ 
Hf##2] ±RG a N^©#BS^- h«Bftfcfe 
wt* #m©&*©*^Fy V<Dtffi.*. ffiMiM (B) 20 

©jgjs#fe»covvcM:i*shi:u senM (b) ©&# 

*?-Kyh©^©flte^«:««p 0. 5 

nmghg50na 0. 5nmSwS2 0 0nm, 1 
06 cm-2g P ^10l3cm-2, T'&£if*« 1 gBi&© 
G a Nift^ttl^fSt^. 

3 ] _hfBG a Nm©#M*^- F y h#Bt£33 

(a) aw i <D&mm<» fmt*& y , 

S±!S©*SiIi/i (B) ©±ic Steffi 2 ©£*£!!©* 5 

V KJKWRW &nT V**Mf#S 1 fB*c©G a N^^ft 30 
[fS#^4 ] _h§EG a N#©#a*^- K V MISiCfc 

SGa N*tffi^-^Wt .fc^fc bT, F>V Mffi 
fc^-^flftfcjtfTK (ii) ©^^^t45:rifc-tgg^ 

*W-^®lC*7- Fv S t bTJ&£bfc*;©T-&£fiN* 
a 1 fBi£©G a N*4^^5fet^^o 40 

(ii) ^-*ffi©*®^5:^t3-£S«fce>fc^ffifl!!5l 
SrSfc-rd^JSK^-^B-hlcFy bW&Iffl&fttaS 

*)*fiW§* Fy 
[00 0 1] 

V^) lCM-t£t>©T*&y, #b<Wu $&fc©*#-X 50 
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2 

AtC^lBii©^*^ G a N^^^TOIC «fc*#S„ 

©*£Fy jK«Bgs***o»3lre. 

To~oo 2]" 

*w#-f (led) nt-(D z®&\c®ffiw% 

[0 0 0 3] GaN^^^K'fc. Stfe-W^i 

ft**©i:bT, #§3^ tf&ftM) iClnGaN©*^ 
#FJgfcJ8v\fc*i©#&.5. InGaN&fflv^iW 

=f- Fy h ICiHfe'ffi^?:^^. I nGaN©a ^j»FJSfe 
&^£bTfflv^c3mift^T'W^ 

<8ffi^W bim%$> £Mt>frX feU > I n G a 

[0004] InGa Nfi^jSJgtf 1 ©*?- Fy h &3fr 
I nGaNe#©ttJtt:£oT*#tC#tt"*<& 
%©T*&S„ fife*. G a A s &©*#$T*li> Ky 
£*8tmfc©^*^fcf!lMbfc*?-Ky h©7&* 
jWB&*ITVV&. ZinejICMLT, i£¥. GaN^W 

aWMm**fc»Fy htbTSSBttlcfifeRSliW* 
ZLiltf^'bfril&ofc (Appl.Phys. Lett. 69 (1996) 4096 

) „ r©S^Fy h^©^*-XAl^ ItfSBInG 
a N-^, G a A s fctt**^ F"V h©^^i:li^< 
M^<2>=fe©T*fe-&. 

[0 0 0 5] 

[^*^b«fce>t-rsiss] ±ia©j:e)ic, g s n 
^^cfcss^-Fy h©^^«ite-efesz:ii^e> 

*^'&:oTV^S. b^U 3©GaN^®l^ F-V 
ffl^t G a N^^ti? Wt5fe«)i:ti 4 
h«li§©^e : *b^^fl8m 5 , *-?F«v h©fH^©^c 
»Kv h^©^©SS«;i:*©^T*SjiJfcfil 
mtfiW<btrtzte2ftX^fo\ 

[0006] j&tmonmi* iMmmzm&u g a 

«fe »Jlffi«*«:G a N^BH(KF-S:««i-6ifcC*6. 
[0007] 

[^gl^«?^i--2>fe&©#S] *58^©GaN^^#: 

(1) TIB (i) 0GaN*ffl#ll^K>y h^fjt?:, 
^■fciC^S^i: bT>&-t^ 3 i: 5:^i;-r 5 G a 



(3) 



11-354839 



(i) G alimmfrb&Zffi&IS (A) ©±ffi£'<- 
Ky b *I^ LT?e^ feg^jCG a NgMiiafefeSL^. 

fcyjgL©*t*K:T, *?Kvb©n8*fc£tt*««>i£ 
ttf&MI (B) <DJim i £imVi&&tU rntctoT^ 
Hif (A) ±{Cli, (B) fc©ffi& 

©*-? Ky b.© &Hgi!^ y ^ ^-cDK-x® 
fc5»S^W®^feJ:l«*i««^tJlSiWI (B) 
©gggjt*®^ Kjgjg y »J tW^S ^© T'&S 

[0008] ( 2 ) ±SBG a N*®#1I? Ky hflBS 
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icfcwt, #©©#*©*?• Ky b ©-*&£, >gaw 

(B) <z>M**lfi«c-3V^43*ahfcU J£HJ5 (B) 
©MSWKfrffllCO V *T titfgw £ U jaffittC 
fctf**? Ky b©##C©g£v^®gp 
0. 5nmghg50nm, 0. 5 nm^w^2 0 0 n 
m, 106 c m-2g p ^ 1 0 13 c nr2. T*&5_hfB 

( 1 ) fB*&©G a N*¥i*flcSBfe*?. 

[0009] (3 ) ±IBG a N&©«ft^- Ky b*5fi 
ic£tt«]|££)g (A) jWdl©6a®©*5yK*T»» 

y, *jbei©ii&Ji (b) ©±K3&»c*2©eaiig!© 

[0010] (4 ) ±|BG a Nft©Mfc?- Ky b*Bt 
ICfcWT, ««©*?• Ky hCfflV^6*l«GaN9ft*»4 
&, JSAT rh*yb*Mi tnfif, -e©^-^®i:^-5Je 
^Cfl|^P>tiSGaN**mSr, JWT W-XWj 
fcPMRfc©*"*-*. Z.<Dt%, Ky MWte*-***** 
fctfTIB (ii) ©»?«#ttS:»fc'*-B8fiWcJfcy» *© 

ft^Ky hfcLT«ftUfe%»©-C»*±aa (1) ISSc© 
GaN*¥IIM«S)fe*?. 

[ooii] (ii) K-7mc&mm%Mtttz>£ 
j z>tt&m#m*m*z.£tj:<Wi'<-zm±iz Ky htm 

»fc©»?*6tt. 
[0 0 12] 

*l*±ga (i) 0GaN*©#li?K>y b«Bt&#J# 
"f &4HS©*? K y bte> G a N«tffi3^ 6> «£AJf 
©±® CBP-fe, ±IB ( i ) iCfcW*'*-*!© ±KU _G_ 
a N&fefflfca?- Ky b £ l/Ttf«a-ttfc%©-ej&$ . 

fcfc'u ^-^t Ky btm^wu ±ia (ii) (Dm 



20 



30 



40 



K-^Wfi Ky btmfctt. *!>&<£%*©««£* 
[0 0 13] PUZG a N^Wt'*5^-^tmt Ky 

£wc, ^s* m^-x g±tci^ h bTT*ttfe.<_ 

Ky b LtJ&%Si»£~fe^Cte ^^;*StC7> 

-y— 7 7 v &y v <mm\z j:sg a n^shm^®©^ 

fens. K-^lBoafiHWIlSriOi^fcSEfbS-aSi 
~TooT4] ±^«k^c^/<-^®±»cfi^K^ 



ffi^ffit L/TG a NMKlli "(B ) 



50 



TT^II^^©^TK'y^'H^ixSffi^tfiKAe 
"*Tb) £<DW£r&** ±13 (i) <n>^\zm&Wk^T& 

vx&mizmm u skiacti&v ng a n^©#m*-? k 
^•^c^v^fe=fe ) ©•efeSo 3iT'^e>l§^^^ m^-* 

[0 0 15] 

[«W!©ia6©?KIW 0lli> #S89!©GaN*»Jfc* 
^•©-M5:^t-^WEIT*feoT, «W8©fc©K:ffi#«i* 
JiS©LEDS:#!I4:l/TS%l/TV^. |HEI©LEDli, *g 

i ±tc g a NMtnfrbte&l&ikM *mrto&& 

S ZjmU ZtlK P §9{W©«H 6 nSiOti 7 £ 
KWT«*bfet>©T?»&. #S©*-?- Ky hfiSt3 
tt, 5«ffl«B6«:«a%bTV^. M2ttnS!3>*^h 
ff. M5lipi5!3>^^ hM> »4ttpS!^9y KMT- 
HH©ffin?tt. #S©S^Ky h«Ki3lC 
fev^Tal^J©^-x®5:ii«1--&i|gi l MA^i, StfiBpS! 
i>7»; KM 4 tc^-rs nl? 5 y KJgi: bT©fS^!!5: 
Sttlt^oTV^. jg2~®5li, VvfftfcGaN 

[oo i6] mitoWiz&vz&mm (pas. nso © 
±Tti«BWR»±. fia@!«:je«"t*fe©©inx±©3ia 

mm (*7r-f nsmiK) &fflv%TJ3»j, M2©± 



(4) 



) 



m-tz&siz^ p/na©±T«flR. «fflEWcov* 



[0 0 17] Ky hfl^fc jG^jyffifrfe 



20 
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[0 0 2 2] mz (b) CDfttt. #M*Kfh«ft3 
0>ft8lHCffi*5y KM# t ***l*ffilT?&oT, STM© 

rA#ns??y k«, «±a®*siMiB3Ai«pa! 



T'fe o TIIV > n 5? i: *c -o T V ^-2>o 
[0 0 2 3] 4W8©»Ky Mcffiv^ns Ky_hfi$i_ 



ij^^W&faijg^tTv^, Ky h 

y -fMiKDm*: fist CtSS^.S„ 
[0 0 18] se>tc, ±JB*-vy^»B l©±TB«:«ffe 
I;:'*-;*®*; UTSO*? Ky h d 2 fcjg&U ilxfe 
a«Wit?*T=¥-vy^MB2S:^S1iStv^e>lftyji 
LCDfig^fCT, »Ky h©7&&i:£ft&«tf>&tf** 
y^»<WK*i:3W»yjga*iTV^. i®»»;i8UCJ: 
ct, #&SJlA±fcMu *?Kyhfc**y:/WfcaiB 
^(dl, B 1) ~ (d 5, B 5) £LT, 5g*T'« 

[0 0 19] #BiH!T?v^#S*?Ky hflR&tt. #19 _ 

^cp^v^tcT-a-^^tife^&v^- e u <mn 30 

fifi^-Ky h«3tT?&S. Ky h*Bft«:» 

ytizm&m^thxm^tcMz* Mmizfcvxzbiz 

*T=fc«fcv^ #ftft? Ky 

[0020] 01 ©WTfli. &TJf©*tiUSA#fB 1 <D 
(nSD ^7>y K»fcl/CtW6LTfcy, *83fe 
<D*jj-XJU<Dfc8)lz. &ma& Ky N#£ii 3 _hic<* h 40 
lcm2CD^#3!! (pID ©?7 7 K»4tffln*.&*iTH 
£. »At4nS!T*y, MB lfr£JgB5;fef<Z>&JItt 
7y K-^JiT'&oTS^nS^&oT^&o 

[0 0 2 1] El 2 (a) <JMX\*. ftTM^iS^f A 
tiu a^- Ky h d l * y K^ y :7tf>*m 

v • p 9 y mtmx e>tu i*i & 

MSfr Ky Mf ig3 &_hT#&8MW&A/?v**. JgAfr 
4oTV^„ 50 



*y> izm*i5*zf*-)i'Zmz& < aAb ^xcpa^fe 

| y^^^^^jTsfe^HH ~Ky h*W4fc* 
&t sanffcJUfc K=*r -v y ^l*Sv \jcj*& 

oTWt : fc<fcV\ > 
[0 0 2 4] ^^©GaN^^-T-lCfflVx^tlSG 
aN^imtlt j£I n X Gay A1 Z N (OSXg 
1, OgYSl, O^Z^l, X+Y + Z=l) T*&5£ 
SnSft-^^ttT'fcS. fcfrT'^G aN, I n G a 
N, AlGaNfc£j^8*fc®fcUTW&*l*. G 
a N^G)#«*^- Ky hflKSKfcWt, ±S&*> K^f -V 

U Ky hJt^AJxjG^XtY)J^^l^i^_^ 



[o6 2 5] Ky b*micidu mz-& mmmzm* 

[0 0 2 6] K-7Jm. Kyh*m **VJ 
^CD^t-CDlJeUlCOti^tC^ $e>lC, B, As, P 

[0 0 2 7] ffl-*(0»?-Ky hCWI^l*. ^m^^^ 
[0028] ZCDGa N^0)#fi4^- Ky 

fli^fflKy h©^$, fe«kt>'-ecD^-7.®lcfeW 
*»Ky h£fao>frfi<DWMZMMte®mf?Z>zt 
fWmtteZ. #S*^Ky bfflk&toz-o^x 
^ Mm> »?Kyh®«flt *m®«SfiK'fciflc, 

[0 0 2 9] Ky h©7v^$^ MT'Kyh 

y> a^l^*WMWH^»c#&*v**-fXT»*i 
i:^fiHT*$>S„ «*©*?-Ky b©*fcStt» *Ary 
^M<©^*I^{cov%TCD*^-Ky h©Th<* (^-x® 
Ky h©hy^*T©BaH> SrWahfcU 
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[0 0 3 0] 4^Kyh©i^3h. fiwtt, 383feK*F£ 

mm&frb, KShtt5 0nm«T. «w»200n 
mOT*W*bVN c fifcoT, 0. 5nmShS50n 
m, 0. 5 nm^w^2 0 Onm, *>W*UM3SH£& 

So 

[0 0 3 1] &WL<D'<-xmz&VZ>m3'\ ; *J h£#© 

m (mwmmtz y ©g* kv h©8» P * lt* we 

[0 0 3 2] ftffpli. »Kv Molo*i»&flD«3t 
tt»VVZ>T», m&hm*ni&-?2>£l 06 c m-2RHi: 
^Sih*W*U<, *fc, S^Ky h©*£3tc=bJ: 
»Kv hH±*«SV^««L«:v>J:'5»Cl 013 
cm-2UTiL*Z>Z£.imiLl>i<\ tfcot, 1 06 cm 

p g 1 0 13 c m-2jW& L V £ *2>o 
[0 0 3 3] ±SBM3-\t?f hOMZ h. (gw, g?gp, 

#©©mjp w*>*w?me>mm , *«©Kvh# 
* - * ». m^o fcaH±T»sv %(c^s «fc e> tea 

R (jfcfe) , G (jjgfe) , B (Uffe) i:gE*3^>J:e)tc. 

[0 0 3 4] ««a)tt««:SCfbait*«^®SEfb©JB» 
tt. ±fa£Wcfc, BWJCjSUTea»c3«Rb'CJ:<, 
«a^*fcKtt«©tt9 fe#M(CJftttl GftJ>) 

a**j:ia«fb. 2^©tt*as£3ffi£-fs<fce>fcge 
it. tpAWifi©® &aHb© $ ttrnu* a 

<. 2®»ca5fbs-tt<5fci:, »£ofc88r©©©tt& 

W©*BfiWc3Sfl;«:%fc-&*»^ K* hWi: ? 7 

£lCLT**yy^;W£g£fb$i*-5fc^ -#©** 
»S W &^fb$-£T & <k v \ 
[0 0 3 5] ±IBIftWC£5GaN&©#a*y-Ky h 

©ISftlli: S l ^-^ h i: UT, zcdi-'V h £4£t.© 
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[0 0 3 6] K-^Btca-?- K y h fe^tft-tatctju.,^ 
iBfEffi©ffi% jj^fe£^^^ 

gcggg . 7 7 r * * > h S 

~i*5lciiT K-*® £ 7>*"9— 7 r * * > h t 

MOCVD&fCfcoT. AlGaN*tfiJi±ii&'<-* 
10 mtLXGa N<D£& F* h &7&&t£#£T'&*llS> 
MOCVDlggrtT'A 1 G a NftAjgtf&Rls&ft. 0E 
^SP«3lC^^©7>^-y— 7 r ^ ^ > h 5rW&"f *U* 

[0 0 3 7] 7>^-y— 7Tt*yhZilzyt;£lyX& i 
M-TSlci*, mi*. ^h9x^;i/i/9>S:7>^-y— 
-7 r * * > h i: -f &<DX%>ti\%. *<DW&lz H2 ^ £ 
/t:/U>^£it£Z£lCj:»J, h 2 ^i^um 

i: Lxemir2>jjmt>mfbtiz>. 

20 [0 0 3 8] 7^fdtri2Jt4L«^J:l/TM>^4!*.-. 

2"H6 V ijyt^^©a^a,_c.Bi_M g„ (tf^. 

[-0-0-3-9TW*©*? TvT©*sa, ^ fi^-K 
v K©iM»©a^v^4. 7>^-9— 7r^#>h©«*& 

OCVD, MBE&£#i£lfib*l£. 
[0040] G a Nftfgfitf/ftftlttB&fc 

$■tt■S||g^C^I ; I 1 M$^^TV^^ t77^7, SiC 
^A^f^tlS. *;^T*t), -^-7r-f7©c®, A®, 

6 h - s i csm. #ic cmr-y r ■< rm&mt. v 

40 gJt^^«5&^©^VN?:i^n-r-5)fe»©ZnO, MgO 
^A 1 N^^y^T-M^ISftfeti^T'feoT^ 

=b«t^„ Hi©wei*. sai^«:S'y-7T-r7i^^a« 

1 a ±IC, ^-y^tt^St^l-S fett)© A* -V7 7 —M 1 
[004 1] 

mm) xmrntx-it, m 1 tc^-mito l e d 

BRtcjH^Ufc. fc£U #llfK?» h«K§3li, en? 
(i (dl, Bl) ~ (d5, B5) (DSmtLXBZn 
50 TV^S^ *^0<JT'lil OShlfe. &Wm 
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mzi&f&Ltz. ^©^V^m^TAlo.l Ga 
0 . 9 Ni:U K* MsmSrT^TGaN^bfc. 
nSf 9 «y KMT&SigilS A©*m, p 32* 9 * KM 
40tmit »CAl 0 .15Ga 0 .85N^bfc„ 
[004 2] (MUr^fg 1 ©T&&! «=&^9l©^lii^K 
1 ailbT{i-y-7r-fTC®^$:fflV>fc 8 *•**£©*. 
■7T-fT»Kl afcMOCVD^SptyCfBgb, 7K^# 
ffl^CTT 1 2 0 01C*T*#HfiU 10 
4?ofco -£©&i&g£5 0 OTJiTTtfAlflCPtebT 
NU^^;i/7;i/^-'^A (JSATTMA) , Nm^rtLX 
) T>*E— TSrtftU AlNflHS/ty7T-"»l b & 3 0 

[004 3] (nl3>^? hM20Wf&} J5fcR«S& 
1 00 0'ClClffib, GajgCftfcbT hU^^fyf 
A (TMG) , NimtlsTTyt-T* K-/t>MK 
JRfcbT J/9 ^fctftU nSGaN3^?M2S:3 

[0044] fMfl^K-v MSS&3 ©7&£) 20 
®IA« ; J$5fi£& HOOtiU TMA, T 

U niAlGaN^A&O. 5 # ntffeRS-iiko 3.© 
JfAtt, n^5«y KJgfc bTOtMe&J&fc'tMT'* 

[0 0 4 5] ®MA±W ©*®#Si ; J&R 

S&g£l OOO^Ctb, H2 tfX&^-YUrilbTr h 
5Xf^S/5>ft«|&U MA±iBK:iO«WHjS»Sii 

[0 0 4 6] ®l«B0*f-Ky M lfflJI^*; TM 30 
G, T^^-T&^U K-^,S±tC GaNJ:-?-Ky . 
h d_l SHKiiEbfe, ffiKDA? h©i^£ hCD5p*Dtt 
6nm, iw©Wli4 0nmt-feofe o 

{fi®9tafcU®»7-Kv h©R) P 3X109 cm 

[0 0 4 7] ©liaa^-V^^MB 1 ©ffi&ft ; J&RJA 
S&1 1 0 OTilb, TMA, TMG, T^-Tfe^ 

jjs&b, K-*®©e>-&S^Ky haWtftSftT^fc^fiB 
«&*Nbaa©ffi»iBi: bT, *T-Kvh#rt»£««> 40 

[0 0 4 8] ®2.W^±SimWL\ ***j-7M<D±m* 
m~lZK-*W£?ZZ£K£^X±m®~®(OJMZ: 
m*)i&*z.£K*-DXs JfA±lC, MT-Kv ht-tttS: 

[0049] {vrnv^vvm^omm 1 

lOOttU TMA, TMG, T^^-T. K-A> 

h jew t. bT tf* v n ^> * 9 * f a 

(C P2 Mg) &«*&b, piAlGaNl4%0. 5 50 
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[00 50] [pSn>#* hJf5©7£j&) 
lOOO'Cilb, TMG, T^^-T, aSitfK-'t:/ 
hig)|Sfi:bTCp2 MgSWU p§5[GaN:J>#* 
htf 5fcl jttmJ*RS"£fe. 

[0051] c«ti©m&«Q sw&sat** y m 

b, fflRgBA. 8 0 0iCT*2 0^7--;i«^T 
ofe„ pH!n>^ ; J'hJg5(D±lCpS!m^6S: 

J&U LEDilbfeo 

[0 0 5 2] ~©bED&, To-1 8 X-rA&lC V? 
> h b, 2 0 m A T©ftJt©$J5£ o fe £ Z. 5, 15 

[0 0 5 3] RffiM 

1 ^T, h y -?Mh ©ffi* l 

bfe^ £J2Wi, gfet&ffl l iilll^tc LED&# 
$gbfe. 3©LEDtCoVVC, £ft£ffi|l i:ll^C2 0m 
ATO^COTJfe&frofeiliS, 7 5mcdT'3bo 

[0054] 

BWB©*!*] *8«©GaN3Wlflt GaNJft 
ti«*&&6*f'K.f hflBtSSfeWcttsaHfri: bT# 
■r*%)CDT*y. bfrtdKifcJWBi: bT, #gMbS*i 

fc*^K>y h^jgii'fe^Tv^o s^icii, &m>m« 

i®iE^$gffl$:PIfeb, ^©flfBt^tttCo^TfcJg&lC 
ffl««fb^©l»»»C J:oT, «fc VWMfcG a N^Bfe 

[®®©ffi#jfel$i^] 

m i ] #$istE©G a N^ytm^-co-m^t^mm 

vj; h • «ft©Titfe3ifc^«:llf«bT^bTfey, £S8©J£ 
^iiliM^'&c t^, fiil©Mi:ES!J-r«)fe©^ ®E 
JfA, B ^BSlCvy^^feifebTV^. 
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